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1.  Tbe  attached  report  is  for  your  inforaat'on  aoc  retent  ten. 

2-  This  report  concerns  a  study  Mde  to  measure  the  proficiency  of 
operators  in  identifying  signals  of  representative  aiilltary  targets  pro¬ 
duced  on  the  AN/TPS-33  radar  set. 


3.  This  report  is  considered  applicable  and  should  be  of  interest 

to  Chose  concerned  with  co^at  surveillance  and  target  acquisition  natters. 
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view  coward  aaking  reccawndations  based  on  local  experience  with  AN/rPS-J3. 
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raoiUM 

Ths  prisory  objective  of  thu  »se<ach  to  ceosate  toe  ^ficieocy  of  tisised 
AN/TPS-^  t^r  opcrsttss  sa  idnUfyiiq  tsgets  frae  the  mid»  si^is  ps^teed  by  the 
rodat  etfjips^t.  If  the  {soffc^tcy  of  opet-atats  wfas  hod  be«  mted  was  to 
be  rwt  so  hi^  the  Aray  dcstied,  expi«at^  mA  would  be  ariettabesi  '■o  boai^  in 
s^i»l  tetergetaifaa. 


MiTHOe 

A  test,  e^sistii^  of  t^rfto  st^tsls  ^^ted  b-;  t  '^er/  af  tsrqets  w  the 
AH/TPS*33  tAs  «t.  was  ctsstrac^  orri  t^ialstgcd  ^  w  AN/TPS-JS  s»s»  *efo- 
t«s  tn  die  Setmdt  Asay.  Twmtyei^  of  d«  c^etatots  hsd  be^  tiaised  at  t»  Omim 
SuvcUkBice  Totqet  Acqsisftkxs  Ttaiaii^  Cseaaad  (CSTATC).  Fet  Hswrwca. 
Atizceo,  and  IS  hcES  been  traiaed  on  the  J<^.  The  IS  tcs^et  fee  the  test  wee 

tecorfed  wfuie  te^esentotive  aUltay  targets  wee  ssovtaj  wtthsa  la*  beoa  of  fee  stsist. 
at  various  distacces  and  speeds.  AU  tecwdlag  asis  dsae  lasfer  the  o^st  favar^fe  cm- 
ditfons,  so  tkd  only  sIclUs  involved  la  tmditMy  percepnto}  ja^s^nt  (si^^  mtertsemion) 
would  be  ceaswed  by  the  test. 

Afte  tte  results  of  tte  i^ove  s^osiae^ot  ^  stewa  that  ti»  fieU  spwasrs 
wee  not  ^e  to  dlscrisiiate  between  troefced  «f  wheeled  vetetea.  a  tratoon  *^mi~ 
rant  was  ipn  to  -detettoise  w^tte  car»  sttomds  asld  be  to»tftt  to  tdenufy  v^ck 
types  cm  ^  bsis  of  the  tau^w  ^^acteisUcs  the  si^tols  m  Ten  .ntwr- 

ipAe  offices  tavie:}  no  p^v^js  expeiee^  m  Metna  s;^  v»<rvr .  were  traced  fay 
raeis  of  tts^  recent ngs  of  s^to  shp^s  prtvfip'ed  by  AH/TPS-33  rods.  Tm 
lects  were  tested  on  tl»a  tisility  to  idestilT  skptab  sisuar  to  e»se iseWed  labto 

#jfgTgjSgg.* 


•ESUITS 

AN/TPS-M  naks  ^seraws  were  cMe.  m  toe  overage,  to  ihscnsmtle  taiwe« 
veddes  sBef  Uot^  cm  S2%  ol  toe  sit^aiis.  mwepti.  ^tr  avei-jae  o^sacy  m  dtoSn- 
^Bsatng  berweea  ustoed  sai  wheelea  v^cies  ms  52S-oo  tetttf  tto  dtawe.  Thtte 
were  no  differmces  of  betwfea  tromed  a  lehMl  to  tfs#  CSTATC 

aid  those  traiMd  an  the 

The  AN/TPS- 33  tote  »»tatoto  !»st  ^^seoliy  si^tola  of  wfcietot 

iraveitito  at  ^  slc*es;  ^id  m  tb^se  at  vetocles,  3^  stalls  of  »^ik1*s 

travelUto  «  tta  tetest  speed  -m  towc  of  wneeied  vdsfak*.  tepwiiesa  of  a*  -*tod 

vdaale  type. 


^TATC.  U.S.  A^y  i 


i 


FOI  OFROAl  USi  ONLY 


Notve  subjects.  aeeiv^  expKSMsfal  tieiat^  b  aiywl  tmsqsfewwa.  imm 
to  jascrwituBe  bet'A-wa  serais  te  trssea  «i  veiacifs  ^  a  le«rt  •te 

■a  ai^Utcsnthr  fceiie  ehcrice. 

Tb«e  was  wide  sotatka  ti  the  sbiltty  si  aAvms}  Kb.«ct(  w  sistBsp?;^  *e»- 
tffldf  betweea  rsdar  si^ls  te  'tssked  sssd  is  wfeeeleJ  *Aicfcs  jfesiBj  tt?aBg 
s^  dtna}  testi^. 

CONaUStON  AND  IMPtlCATlONS 

Altbsucb  fee  ^dit;  sf  fee  s^i^ils  ■mts  is  stgste  m  ttet  ssdtf 
i^M  ccndi’isis.  fee  cMswd  m  this  studr  A>  M  fee  ws^iy  Md 

Mid  tet  espttleft^  nds  sget-j&a  ^  fes;i«gF^sh  fatareca 

Mb  geoeded  b?  trMM  ^  si^ls  ameled  y^icies. 

At  pnsec!,  opH-^m  fe  be  iisss^  fe»  wnwIkyiM  cl  type  d 

m  wheeM}  m  cMscwtsucs  d  fee  s^ae  s^M  ee  essei  by  isnd 
d  fee  MMe.  Ssse  safe  d  Mude  ctwsrasae*  eassssTBtus  K  fee  emhie 
si^d.  sfciitfeMi  assM  ^^sb  Meds  is  be  »sm  te  astewuisaasa  b«^«  fee 
Msete  ifesasferistls  ^  d»  sgeed  dsssesmtstiem  d  fe*  issfes 

Ifcsye  e^daists  css  be  ns^jM  b  di^RSs^e  Mweee  the  si^b  fenducei  so  fee 
AS/  THS-SS  Ms  by  !Jcsk«i  std  by  wheeiei  -ehicte*. 

IM  Wide  M  C0&s$smm  Mi'ndM  feliebscee  m  pedctssace  bsfe  ta  the  expi«- 
^sy  stsuM  st^  Sliest  feat  ts  s£4sa  o  iafe  bM  d  getlssusee  ibs:  souBd  sa- 
MUdMe  nste  ogefe^s  Is  fesemtsMtub  betwtes  ejitsiete  ol  feili$«;!  ty^  sf  veiucies 
asy  be  s  pMles  si  aeiectiw  e«  eascb  ^  s  E»e  a»  a  si  aeteiM. 

Ifeile  fee  cats  m  fet#  stt-iy  weye  csUectea  ■»  M  AH/TPS-I3  rafee.  M  useii'i- 
iwM  a«y  ciss  i^ly  »  rtM  swsw  ttsvedisw*  t^«»  mmm  ^  fees:  sbw  ^s^yit 
ae  s^sssble  to  t*K»*  of  M  AJi.T?S-33. 
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OBJECTIVE 


Ground  surveillance  radar  operators  must  be  skilled  in  detecting, 
locating,  and  identifying  moving  targets.  The  purpose  of  the  present 
study  was  to  measure  the  proficiency  of  AN/TPS-33  operators  in  one 
of  these  three  skills— the  ability  to  identify  targets  from  the  charac¬ 
teristics  of  the  audio  signals  produced  on  the  radar.  If  the  proficiency 
of  the  tested  operators  was  found  to  fall  below  the  level  desired  by  the 
Army,  exploratory  work  on  development  of  improved  training  methods 
for  signal  interprexation  would  be  undertaken. 


BACKGROUND 


Ground  surveillance  radar  of  the  AN/TPS-33  type  is  used,  particu¬ 
larly  during  conditions  of  limited  visibility,  to  augment  the  surveillance 
capability  of  military  units  such  as  armor  battalions  and  infantry  battle 
groups.  Because  target  information  on  this  radar  is  presented  by  an 
audio  signal,  the  proficiency  of  the  operator  in  interpreting  target 
signals  determines  the  usefulness  of  the  system. 

The  AN/TPS-33  is  a  medium-range  radar  that  detects  moving 
targets  in  line  of  sight,  with  a  maximum  range  of  18,000  to  20,000 
meters.  The  radar  set,  when  in  place,  consists  of  a  rotary  antenna, 
antenna  drive,  and  transmitter  mounted  on  a  pedestal.  A  telescope  is 
mounted  on  the  antenna  to  provide  an  optical  axis  for  the  orientation 
of  the  radar  set.  A  control  box  is  connected  to  the  set  by  a  150-ft. 
cable  to  permit  remote -control  operation;  thus,  the  operator  can  per¬ 
form  his  job  from  a  covered  and  concealed  position  removed  from  the 
antenna  site.  The  radar  has  two  beam  widths,  10” for  searching  and 
3”  for  tracking. 

The  ground  surveillance  radar  is  designed  to  detect  moving  targets, 
such  as  vehicles  and  personnel,  which  are  indicated  by  audio  tones  in 
the  operator’s  headset.  The  operator  can  analyze  these  audio  tones  to 
determine  the  type  and  speed  of  the  detected  target. 

No  formal  program  of  instruction  in  signal  interpretation  exists 
for  ground  surveillance  radar  operators.  Training  is  specified  very 
generally  in  Army  Subject  Schedule  17-133,*  the  objective  of  which  is 
to  qualify  such  operators  for  duty  in  all  Active  Army  and  Reserve 
component  units  as  authorized  by  TOE  or  TD. 

'Department  of  the  Army,  MOS  Technical  Training  of  Ground  Surveillance  Radar  Operators, 
MOS  113.1,  nos  133.1,  ASnbjScd  17-133,  Waahingtoo,  March  1961. 
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It  has  generally  been  thought  that  radar  operators  can  readily 
discriminate  between  audio  signals  produced  on  the  ground  surveillance 
radar  sets.  However,  preliminary  examination  of  the  nature  of  the 
target  signals  indicated  that  special  training  may  be  required  before 
operators  can  be  expected  to  achieve  a  high  degree  of  proficiency  in 
interpreting  the  radar  signals. 

Initially,  the  researchers  planned  to  use  the  short-range  AN/PPS-4 
radarset  to  produce  the  target  signals  for  this  study,  but  the  AN/TPS-33 
was  substituted  because  it  was  more  readily  available  at  the  time  this 
phase  of  the  study  was  undertaken.  The  aural  display  of  this  equipment 
is  similar  enough  to  both  the  AN/PPS-4  and  the  AN/TPS-26  (another 
medium-range  set)  that  the  data  obtained  in  the  present  study  may  be 
applicable  to  these  sets,  as  well  as  being  of  interest  in  connection  with 
other  sets  under  development. 


MEASUREMENT  OF  FROFtOENCY 


Method 

Only  skills  involved  in  auditory  perceptual  judgment  (signal  inter¬ 
pretation)  were  to  be  measured  in  testing  operator  proficiency. 
Therefore,  no  attempt  was  made  to  duplicate  aill  field  conditons  in 
recording  the  target  signals  to  be  used  in  testing  proficiency;  instead, 
efforts  were  directed  to  employing  optimum  signal  returns. 

The  study  of  operator  proficiency  was  carried  out  in  three  steps. 
First,  target  signals  produced  on  the  AN/TPS-33  radar  set  were  recorded 
on  master  tapes.  Second,  a  proficiency  test  of  signal  interpretation  was 
assembled,  using  the  taped  sounds.  Finally,  the  test  was  administered 
to  a  sample  of  AN/TPS-33  ground  surveillance  radar  operators. 

PrepariiiK  the  Signal  Sample 

A  sample  of  signals  that  radar  operators  might  be  expected  to 
identify  was  recorded  at  Fort  Knox.  Kentucky.  Targets  were  selected 
from  the  list  supplied  in  Army  aibject  Schedule  17-1,13.  The  speed, 
number,  and  direction  of  movement  of  the  targets  were  varied  to  produce 
the  kinds  of  target  variations  that  would  occur  during  typical  surveillance 
missions.  Vehicle  targets  were  recorded  at  three  locations,  so  that 
both  background  (amount  and  type  of  foliage)  and  distance (2, 4 00,  5,600, 
and  14,500  m.  from  the  radar  position)  could  be  varied.  Personnel 
targets  were  located  at  a  fourth  site  approximately  100  meters  from 
the  radar,  which  had  been  moved  to  ground  level. 

Over  all,  96  combinations  of  vehicle  target  variables  were  run 
The  vehicles  at  the  nearest  and  farthest  sites  moved  toward  and  away 
from  the  radar  along  a  line  that  cut  the  axis  of  the  beam  at  a  30° angle: 
targets  at  the  intermediate  site  moved,  for  most  of  the  run,  along  a 
line  parallel  to  the  axis  of  the  beam.  Personnel  targets  were  recorded 
moving  toward  the  radar. 
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The  type*  o(  moving  target*  nnd  the  combinsiion*  of  variobic* 


recorded  were  as  follows^ 

Tsrgets 

Speeds 

IMstaiices 

Vehlrlcs 

3,  10,  IS. 

2,400.  S.fiOC 

2  M48A2  tanks 

1  M48A2  tank 

2  Jeeps 

1  Jeep 

2  APCs 

1  APC 

2  2  1/3 -ton  trucks 

1  2  t/2-ton  truck 

and  20  mph 

and  14,3011  1 

Personnel 

.Marching 

100  m. 

Infantry  squad 

and 

(12  men) 

4  men 

1  man 

running 

Etch  vehicle  target  wta  recorded  once  at  each  distance  at  each 
of  the  four  tpeeda  <6,  10,  16,  and  30  mph).  The  three  personnel  targeta 
were  recorded  at  100  metera  once  at  each  rate  of  movement  (marching 
and  running). 

The  areas  used  for  producing  the  vehicle  signals  were  aeleuteii 
because  they  provided  good  roada  and  the  necessary  lines  of  sight  to 
the  beam  of  the  radar,  which  was  placed  or  the  roof  of  an  11 -story 
building  at  Fort  Knox.  Radio  communication  between  the  radar  site  and 
the  target  sites  was  maintained  during  the  recording  sessions. 

Tliree  AN/TPS-33  radar  operator*,  who  hsd  been  trained  at 
Fort  Huachuca,  worked  two  at  a  time  to  operate  the  set  during  the 
recordings,  Recordings  were  made  directly  from  an  output  socket  of 
the  set.  Headphones  connected  to  a  second  output  socket  enabled  the 
operator  to  track  the  moving  vehicle  and  monitor  the  quality  of  the  signai. 

To  preclude  any  other  vehicular  movement  in  the  run  areas, 
road  guards  were  stationed  at  the  perimeters  of  these  areas,  in 
addition,  the  areas  hsd  been  chosen  so  that  all  roads  or  paths  within 
the  90 -meter  r.inge  gate  of  the  radar  could  be  monitored.  To  (urther 
restrict  the  area  ta  which  movement  was  being  detected,  the  narrow 
3* beam  of  the  ladar  was  used. 

At  the  beginning  of  each  recording  session,  the  radar  was 
ranged  in  on  'he  target  site  by  running  one  vehicie  through  a  set  of 
stopping  and  sta-'-ting  maneuvers.  iXirlng  these  ret  nrding  runs,  all 
movemant  of  vehicles  and  personne!  was  monitored  by  observers  to 
ensure  that  they  were  following  the  prescribed  courses. 

All  recordings  were  made  with  a  tape  recorder  (Am («■*  Mode! 
60'. -2),  using  low  print-through  Mylar  tape  of  I  1/2  mils  becauae  of  its 
high  resistance  to  stretching  under  conditions  of  excesmve  heat  and 
dampness  Thi-  quality  of  the  recorded  signal  was  monitored  from  a 
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hesdwt  connected  to  the  tape  output  of  the  recorder.  To  prevent  iater 
confuaion.  a  voice  announcement  of  the  identity  of  the  target  aignal  was 
recorded  on  the  tape  immediately  preceding  the  target  signal  During 
the  recording  of  the  signals,  the  microi^ne  inp»j|  disconnected  to 
preclude  pickup  of  any  noise  that  occurred  in  the  recording  room 

Aaaembltng  the  Proficiency  Teat 

The  recorded  target  signals  were  assembled  to  make  up  the 
proficiency  test.  The  items  available  for  the  test  consisted  of 
recordings  of  vehicle  targets  (the  same  eight  vehicle  targets,  recorded 
at  four  speeds  at  each  of  three  attea}.  and  6  recordinga  of  personnel 
targets  (»me  of  which  were  used  twicel.  The  32  vehicle  items  for 
one  distance  and  a  set  of  8  personnel  items  were  used  to  nake  up  each 
of  three  parts  of  the  teat,  which  Uiu»  contained  three  groups  of  40 
items  each. 

Each  item  in  a  group  was  randomly  assigned  a  number  from 
1  to  40  to  determine  the  order  of  preMntation  of  the  target  signals  on 
the  tape.  A  voice  aniMMinrement  of  the  number  of  each  item  w«b  recorded 
on  the  master  tape,  preceding  and  following  the  appropriate  signal. 

Initially,  signal  lengths  of  30  to  4S  seconds  were  used,  with 
interaignal  intervals  of  30  seconds  Since  a  pretest  of  six  operators  at 
fort  Banning.  Ceorpa,  indicated  that  these  times  could  be  reduced,  the 
recorded  signal  for  the  test  lasted  approximately  30  seconds.  The 
interval  between  items  was  approximately  30  seconds  for  the  first 
10  items,  and  approximately  l$  seconds  for  the  remaining  30  items 

Administering  the  Proficiency  Test 

The  test  was  administered  to  43  AN/TPS- 33  radar  operators 
m  the  Seventh  Army  at  various  sites  during  August  1081  Schcwl  train¬ 
ing  had  been  given  to  38  of  these  operators  at  Fort  Huachuca  and  the 
remaining  IS  oper  had  been  trained  on  the  job.  The  sample 
included  all  operato.  available  at  the  time  of  the  study 

The  operators'  experience  varied  widely  in  ainuunt  and  type. 
The  amount  of  relevant  experience  was  generally  dependent  upon  when 
the  unit  had  received  ground  surveillance  radar  sets.  Some  o^rators 
bad  been  limited  to  such  duties  as  the  setting  up  of  equipment  and  the 
genei'al  operation  of  the  system,  rather  than  the  detection  and  identifi¬ 
cation  of  targets,  but  all  men  in  the  sample  were  assigned  as  AN/TPS-3o 
operators  at  the  time  of  testing. 

The  test  was  administered  to  tne  operators  in  groups.  The 
sue  of  a  group  depended  on  the  number  of  operators  who  reported  for 
testing  at  a  given  location,  eight  men  being  the  maximum.  Seating 
arrangements  precluded  sharing  of  information  by  the  operators 

The  test  tape  was  played  on  the  .Ampex  Model  601-3  tape 
recoiHier.  The  signal  from  the  recorder  was  fed  through  an  amplifier 
(Knight  Model  KN-400)  to  which  a  junction  box  warf  connecter*.  Siielded 
audio-cables  led  from  this  junction  box  to  individual  volume  control 
boxes,  the  headsets  were  also  connected  to  the  eon'.rol  boxes.  The 
actual  AN/TPS-33  headset  was  used  by  36  operators,  and  7  operators, 
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for  whom  AN/TPS*33  hokdieti  were  not  available,  uaed  hi-fi  headeetr 
(Knight  Model  KN-400).'  Since  the  maximum  volume  poaaibleon  the  con¬ 
trol  boxea  waa  uncomfortably  loud,  operators  were  instructed  to  adjust 
the  sound  intensity  to  a  comfortable  level.  Throughout  the  test,  the 
quality  of  the  playback  signal  was  monitored  by  the  test  administrator. 

Part  of  an  answer  sheet  is  reproduced  in  Figure  1.  Subjects 
were  required  to  make  several  choices  on  each  item— first  on  general 
and  then  on  more  specific  categories  of  target  information.  On  each 
item,  the  operator  first  chose  between  ‘'vehicles”  and  “troops."  If  he 
chose  “vehicle,  ”  subsequent  choices  led  to  more  specific  identification, 
and  then  to  estimates  of  speed  and  number  of  vehicles.  If  the  choice  was 
"troops,”  subsequent  choices  led  to  estimates  of  number  and  speed.  For 

Answer  Sheet  for  Proficiency  Test 


SIGNAL  IDENTIPiCATION  TEST  FOR  GROUND 
SURVEILLANCE  RADAR  OPERATORS 


•  ••  Naaw  f Ifil  NaiM  Ml  A«nl>  M0$  OrfanliMlMi  D*l«  •!  Bltlh 


(a)  *r«  v*fy  »w#*  (b)  “r*  »ur«“  (e)  “I’m  not  »uf«“  (d)  'It'*  o 


Figure  1 


‘Analyiiis  of  reoulta  ahowdl  that  tha  gn>»p  uaing  the  hi-fi  haadai  la  prrfnrmad  al  iilioul  thr 
aame  leval  aa  the  poup  aaing  (he  A.N  'TTS-SS  heaJaeta. 
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each  category,  the  subject  marked  the  degree  of  ronfidcnce— (aj  ihrougu 
(d)  on  the  answer  sheet— with  which  he  made  the  response. 

A  practice  tape  of  5  hems  was  administered  to  make  certain 
that  the  operators  understood  how  to  record  their  answers  during  the 
test.  The  subjects  were  monitored  throughout  the  test  to  ensure  that 
they  followed  instructions  and  did  not  share  Information.  Rest  periods 
of  approximately  five  minutea  were  scheduled  after  every  20  items. 

Results  and  Discussion 

The  percentages  of  correct  responses  made  by  the  operators  on 
the  teat  are  shown  in  Table  1.  The  operators  had  little  difficulty  in 
discriminatinc  between  vehicles  and  troops;  their  average  performance 
level  at  this  stage  waa  22^.  However,  their  average  at  curacy  in  dis- 
crimlnaUng  between  tracked  and  wheeled  vehicles  (S2%),  and  between 
types  of  tracked  or  wheeled  veh'cles,  was  approximately  what  could  be 
expected  on  the  baais  of  gueaaing  alone.  .Although  the  percentage  of 
correct  Identifications  was  aomewhat  higher  in  specialized  cate^ries 
dealing  with  numbers  and  apeed  of  movement,  these  data  have  only 
limited  value  becauae  ao  many  operators  were  not  able  to  make  the 
primary  discrimlnationa. 
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The  low  over-all  (H-rforirance  oi  the  group  was  nol  anlifipati‘<l. 
enpeciaily  since  the  quality  of  the  signals  in  the  test  was  far  su|m-* 
nor  to  that  which  radar  opcators  would  encounter  under  most  field 
conditions.  There  were  only  small  differences  in  pi-rfornitnce  between 
operators  trained  on  tne  job  and  those  trained  at  Fort  Hfachuca  {see 
Appendix  A). 

'ftie  answers  of  the  cperators  indicated  that,  as  a  group,  they 
thought  they  were  not  guessing.  It  can  be  seen  in  Figure  i  ihat  they 
felt  “very  sure"  or  "pretty  sure"  of  the  majority  oi  iheir  responses. 
The  more  specific  the  category,  the  less  confident  the  operators  tended 
to  be. 

Further  evidence  that  the  operators  were  not  guessing  sn  making 
their  choices  is  to  be  found  in  an  analysis  of  the  responses  to  each 
siipial.  Had  the  operators  been  guessing,  there  should  have  been  no 
consistent  pattern  of  responses.  Generally,  however,  regardle»,ts  of 
vehicle  type,  signals  of  vehicles  traveling  at  the  slowest  speed  were 
most  frequently  identified  as  those  of  tracked  venteles,  and  siptals  of 
vehicles  traveling  st  the  fastest  speed  were  most  frequently  identified 
as  those  of  wheeled  vehicles.  For  example,  signals  produced  by  a  tank 
moving  at  5  miles  per  hour  w»Te  correclly  identified  in  40  responses 
there  were  only  10  situations  f"S)  in  which  these  igrals  were 
considered  to  be  th-ase  of  a  jeep.  The  signat  of  a  tank  moving  at  20 
miles  per  hour,  on  the  other  hand,  was  identified  as  tf^at  of  a  tank  in 
only  S  responses  (4^;  and  as  a  jvep  in  S7  responses  <4fi%|. 

The  effects  of  speed  of  movement  upon  correct  tdentification  are 
summarized  for  tracked  and  wheeled  vehicles  in  Figure  3.  The  detailed 
data  on  frequency  of  resowises  for  all  types  of  targets  are  presented 
in  Ai^i^ik  B. 

It  appears  that  the  operators  were  basing  thetr  vehicle  identification 
solely  on  signal  charoc*erlstic j  due  to  the  vehicle’s  spied.  They 
retained  this  association  between  speed  and  vehicle  idrntifirattnn 
despite  the  fact  that  for  all  types  of  vehicle*  the  do.minant  pitch  of 
the  .signal  rises  as  speed  Increases.  There  are,  however,  other  char¬ 
acteristics  of  the  target  signai  for  each  type  of  vehicle  that  remain 
unique  and  unchanged  regardiess  of  speed.  Familiariiy  with  ihese 
characteriatic*  presumably  would  help  operators  to  make  more  reli¬ 
able  identifications  of  tracked  and  wheeled  vehicles.  The  patterns 
of  reip^se  choice*  sug^sted  that  the  poor  performance  might  have 
been  due. at  least  tn  pan,;*  the  mlsconceptiwi.  acquired  dui,.-ig  tram.iig. 
that  the  dununant  pilcli  of  stgnal.i  foi  wliecleil  vehicles  is  always  hlghi  r 
than  the  dominant  pitch  of  signals  for  tracked  vehicle*,  regardless 
of  vehicle  speed. 

Measarement  of  the  proficiency  of  AN/TPS-33  '■adar  operators 
not  only  showed  that  theiraverage  level  ofperformam  «  in  diatinguiBhing 
between  tracked  and  wheeled  vehicles  was  about  the  perceniagr  that 
woiilri  have  resulted  fro«i»  guessing,  but  al**  providra  indications  of 
some  source*  of  operaiot  weaknesses  In  interpt  -ting  stgr'U  Explora¬ 
tory  work  toward  possible  methods  of  Improving  training  in  interpre¬ 
tation  therefore  was  undertaken 
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IXnORATOKY  ITUOY  IN 
IIONAL  INTIRMITATION  TRAINING 

An  H  flrul  Klop  In  (levploplnK  Irnprovoil  ti'tilnliiH  Uiv  urouiid  wurvoll- 
luiiiiti  r'udur  (t|)iii'uturMi  tin  uMplnrutory  «tudy  wuh  uotuliiutinl  to  dularinlnu 
whnth<jr  nalvo  oparatori  oan  be  teuulit  to  bawD  thulr  Idaiitlfl'JHlIonn  of 
vehloln  type  on  the  oh»r»ctorletl'!e  of  the  elifnitl  ttml  t’onmln  unlt|Uo  itrid 
iinuhanuud  roiiiurdloeM  of  vublulu  epuud, 

Thnrd  wnm  two  elope  In  the  oxporiinonl,  Kirel,  oxorcleoe  to  bo 
need  In  trelnlnm  opomtore  to  dlecrlmtoite  botwoon  Iretkod  end  whoolod 
veltlcloe  wore  conetruotod  from  the  el^nele  thul  liud  boon  ueod  In  the 
proficiency  tneeeuremont  etudy,  Hocond,  naive  eubjocle  wore  trained 
by  ineane  of  ihoeo  oxercleoe  and  wore  then  nlvon  a  criterion  toel  to 
dotormlne  the  level  of  their  performance  in  maklnn  the  dlecTlmlimllon, 
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Trstnlng  Exerciw 

T«p«a  w#r«  devrloped  to  give  the  student  practice  in  diBcrim- 
Utatifig  between  ai^wJs  for  tracked  and  for  wheeled  vehlctes,  Ttie  taprs 
provided  a  pause  for  student  response  followed  by  announcement  of 
the  correct  iuenttty  of  the  signal. 

To  fac'Utate  learning  the  si^tal  characteristics  peculiar  to 
each  vehicle  type,  tsro  schemes  were  employed  In  constructing  the 
training  exerctaea:  (1)  Signala  for  tracked  and  wheeled  vehicles  were 
presented  in  paira.  so  that  the  characterlstlca  of  the  two  types  of 
aipials  could  be  readily  compared.  (3)  Bccauae  vehicle  speed  and 
number  of  vehlclea,  aa  well  aa  the  ty^  of  vehicle,  determine  the 
characteristic  a  of  the  audio  signal,  the  exercises  were  ordered  so  m 
to  brUig  in  these  sddtUMMl  characterisUcs  gradually,  li  itia!  exercises 
preMBted  signals  with  mly  those  differences  that  are  due  to  vehicle 
ty^.  later  exerctaea  sAled  the  characteristics  attriteitsble  to  vehicle 
speed  ai^  number  of  vehiciea  (see  Table  2$. 
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Twenty  training-exercise  tapes  were  constructed,  each  con¬ 
sisting  of  a  aeries  of  10  recorded  audio  signals  produeed  hy  vehlclf 
targets.  In  addttlm.  an  orientation  ta^,  consisting  rf  24  sigials,  was 
constructed  to  rsmtitarixe  the  subjects  with  the  variety  of  vehicle 
alptala  ott  which  tliey  were  to  be  trained  and  tested. 
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On  10  of  th«  txtirolit  taptii  tin  audio  alKnalu  w«r«  proaantad 
•ingly;  on  th«  othar  10  tapoa  tha  algnala  wore  praaantarl  In  palra.  For 
tha  aignal  paira.  ona  aignal  waa  producad  by  a  traakad  vahlola  and  tha 
othar  by  a  whaalad  vahlola.  fllngla-Slgnal  Cxoroiaa  1  oonalatad  of  tha 
aama  20  algnala  uaad  In  Palrad-Slgnal  Exaroiaa  1;  Slngla-Slgnal 
Exvrolaa  2  oontainad  tha  20  algnala  uaad  In  Palrad*8ignal  Exaroiaa  2; 
and  BO  on.  Tha  algnala  uaad  In  tha  axarolaaa  ara  ahown  In  Appandlx  C. 

Slgnala  for  all  82  vahlola  itama  from  tha  profiolanoy  maaaura- 
mant  phaaa  wara  uaad.  Baoauaa  of  baokground  oonditlona  and  altlng 
during  tha  raoordlng  of  tha  maatar  tapaa.  tha  olaaraat  algnala  had  baan 
obtained  for  vahlolaa  run  at  tha  looation  farthaat  from  tha  radar 
(14,000  m.).  Tharafora.  moat  of  tha  algnala  aalaotad  for  tha  training 
axparlmant  wara  from  tha  mora  dlatant  looatlona. 

On  aaoh  tapa  avary  Itam  waa  aaalgnad  a  number  and  a  voice 
annouMoamant  of  tha  number  waa  made  at  the  beginning  of  aaoh  Item. 
After  tha  target  aignal  or  pair  of  algnala»  there  waa  a  abort  Interval  of 
allanoa  during  whloh  tha  atudant  could  Identify  tha  aignal  on  an  anawar 
ahaati  than  tha  aignal  or  algnala  wara  Identified  by  voloa  announce' 
mant  on  tha  tapa.  In  tha  orientation  tapa.  tha  Identity  .  f  tha  aignal  waa 
announced  before  tha  aignal  waa  heard  by  tha  aubjaot. 

Criterion  Teat 

Two  forma  of  a  criterion  teat  wara  oonatruotad.  aaoh  containing 
32  algnala.  Since  aavaral  racordlnga  of  aaoh  aignal  had  baan  made  for 
tha  proficiency  atudy.  It  waa  poaalbla  to  uaa  almllar  but  not  Idantinal 
algnala  of  tha  aama  targata  and  thua  to  oonatruot  two  nearly  equivalent 
forma  of  tha  teat.  Inaofar  aa  poaalbla.  tha  algnala  uaad  In  tha  teat 
wara  not  Identical  with  thoac  uaad  for  tha  training  axarolaaa.  Tha 
format  and  tha  method  of  raoordlng  tha  teat  were  tha  aama  aa  they 
wara  for  tha  axarolaea.  except  that  no  Identification  waa  recorded  on 
tha  criterion  teat  tapaa.  Tha  algnala  uaad  for  the  teat  ara  Hated  In 
Appandlx  D. 

Subjaota 

Although  ground  aurvalllanoa  radar  oparntora  are  anllatad 
man.  offloara  were  uaad  aa  aubjaota  In  the  exploratory  atudy,  At  that 
time  no  formal  training  program  fnf  the  oparatora  waa  being  conducted 
and  It  waa  difficult  to  find  onllatod  men  nllgiblo  for  auoh  training  to 
aarva  aa  aubjaota  for  tha  experiment.  However,  bacauaa  the  purpoaa 
of  title  particular  axparlmant  waa  almply  to  dlaoovwr  whether  it  la 
poaalbla  to  teach  aignal  dlacrimlnatlon  to  naive  aubjvcta.  It  waa  not 
deemed  ncoeaaary  to  uaa  potential  tralneea  ae  aubjaota.  Alau.  It 
appeared  that  the  time  Inveatad  would  yield  the  graateat  return  If  a 
comparatively  email  number  of  junior-grade  Army  offloara  wara  uaad 
aa  aubjaota.  aa  it  haa  frequently  been  obeervnd  that  they  ara  In  general, 
mora  highly  motivated  In  performing  experimental  taaka  than  ara  ran¬ 
domly  aalaotad  anllatad  man. 
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Ten  junior-grade  Army  officers,  therefore,  served  as  subjec's 
for  the  experiment.  They  had  no  known  auditory  defects  and  no  previous 
experience  in  listening  to  radar  signals. 

Apparatus 

Both  training  and  testing  were  conducted  in  a  quiet  room.  The 
tapes  were  played  on  the  Ampex  Model  601-2  tape  recorder.  The  signal 
from  the  recorder  was  fed  through  the  Knight  Model  KN-400  amplifier 
to  the  headsets.  Six  subjects  used  the  Kni^t  Model  KN-640  hi-fi 
headsets,  and  four  subjects  used  the  ,AX/TPS-33  headsets.  .A  volume- 
control  box  was  provided  for  each  headset. 

Procedure 

Subjects  were  trainea  and  tested  two  at  a  time.  Thev  were 
first  briefed  on  the  radar  syste.n  and  the  nature  of  the  task,  but  were 
not  verbally  instructed  on  signal  characteristics.  The  orientation  tape 
was  thwn  played,  after  which  the  experimenter  discussed  the  subjects' 
impressions  of  tlnr  signals  and  answered  th^ir  questions. 

The  two-day  schedule  of  training  and  testing  is  shown  in 
Table  3.  Two  sequences  for  presenting  the  exercises  were  employed, 
with  half  the  subjects  assigned  to  each  training  sequence.  In  Sequence  A. 
the  single-signal  exercise  was  presented  before  the  correspemding 

Ta6k3 


1  B 

!'«•«  D«f 

-  Twi  D«v  1 

1  5«<«ed  &*v 

Manias 

OrHat^iec  Tape 

K%ttvt9*  T^e» 
P»W«J  1 

tVieatASU*  T^c 

KagrciM  Tape* 
Peaed  1 

Msrrriee  Tep«» 

f’airr4  1 

r.«rrc»ae  Tape* 

PandS 

Si^k-  1 

Patrrd  1 

Pamd  1 

P«nd3 

PainJ  1 

Paerd  1 

>iaflr  1 

Pend  « 

Siagk  ; 

Pam^  ^ 

Pairad  2 

Pa«*dS 

hatred  2 

Sesk  ; 

Pased  6 

'nsla  t 

Paard  f* 

Pairrd  3 

Staglr  6 

I’a»r4  } 

^ir  T 
Parted  T 

Sia,k  3 

Paired  T 

Stagle  7 

KAef«**e  Fape« 

fUeeewe  Tapea 

r.«erc«*e  Te^ee 

flseiriae 

>iagk  3 

Pa»rd  T 

Sajk  3 

Paved  T 

St&34<  « 

StayW  8 

Siagk  1 

^aind  S 

St.lr  » 

Pfcred  8 

Pairrd  t 

Siask  S 

PairH  t 

Sitfl*  9 

Siagk  4 

f^aad  9 

Seek  3 

Pini  9 

Parf^  S 

SiBfk  9 

s 

Staft*  10 
Paind  10 

Sia*ir  5 

Pared  !C 
Sia^k  10 

0;<crM  Te«* 

Cfi^eriaa  Teat 

Cmeeiaa  TeM 

Oite*^*  Teal 

4  B  *1  iW  Tmi  WV9V  ••ek  k*i  •!  tW  wglmi  m  tW  f«*t 

■  ?ff  gh^nmrd  #•  tk#  awra^i  49n 
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paired-signal  exercise.  In  Sequence  B,  the  paired-stgna!  ext-rcisrs 
»rere  presented  first.  For  both  siequeoces.  rcvic**  »ere  gjven  at  the 
beguuung  of  the  altemoor.  sessions  aiKi  at  the  beginning  of  the  second 
day.  Rest  periods  of  from  5  to  IS  minutes  were  given  between  exercises. 

The  subjects  were  tested  at  the  eno  of  each  day.  One  member 
of  each  pair  was  given  one  of  the  test  forms  on  ;he  first  day.  and  the 
other  form  on  the  second  day:  the  sequence  was  reversed  for  the  other 
subject  in  each  pair. 

Results  and  Discussion 

The  flMaa  criterion  test  scores  for  the  entire  group  were  •!%  for 
the  ftrst  day  and  70%  for  the  second  day.  The  group's  performat^e 
the  first  day's  test  was  significantly  better  than  chance  (j.-  3.01. 

£  <  .03).  Thus,  the  results  show  that  it  is  possible  to  teach  naive 
subjects  die  characteristics  by  which  signals  of  tracked  and  wheeled 
vehicles  may  be  dlstinfuitiied.  tSee  .appendix  E.i 

After  analysis  showed  that  differences  in  performance  due  to  type 
of  headset  used  were  negligible,  data  were  grouped  without  regard  to  the 
type  of  headset  used.  The  test  scores  made  by  the  group  tiaiiwd  in 
Sequence  fwhich  averaged  M%  on  the  first  day  ami  70%  on  the  second 
day)  were  consistently  higher  than  those  made  tl^  grwip  trained  in 
Sequence  B  (which  averaged  on  the  first  day  ami  04%  on  second 
day).  This  consistency  teems  worth  noting  even  though,  because  of  the 
small  size  of  die  two  samples,  difierences  cannot  be  assigned  any 
statistical  significance. 

Inspection  of  the  scores  made  by  individual  subjects  during  the 
training  exercises  proviiM  information  on  pattern  of  individual 
performaiKes.  The  range  of  individual  scores  mac^  by  the  subjects  on 
the  various  training  exercises  is  siKtwn.  with  the  group  means,  in 
Appendix  F.  .As  mi^  be  expected,  subjects  who  did  well  on  the  exer¬ 
cises  also  did  well  <»  die  critcriwi  tests.  Wide  differences  in  perform¬ 
ance  between  subjects  were  evident  during  both  training  and  testing. 
These  differei^es  were  consistent,  in  that  subjects  wtose  average  per¬ 
formance  was  poor  tended  to  be  consistently  poor— that  is,  they  scored 
poorly  whenever  scores  were  recorded— and  d»se  whose  avera^ 
performance  was  good  were  cmisisten'ly  good.  The  correlation  of  .71 
between  the  critcriem  test  scores  for  the  first  at^  secottd  days  fives 
further  imiication  of  individual  crnisistcncy  of  performance. 

in  summary,  it  has  been  found  that,  with  training,  tt  is  possible  to 
obtain  an  average  performance  in  target  disc  rim  mat  ;sr.  iliai  :s  jugnisi- 
cantly  better  than  chance.  However,  the  wide,  cwisis’ent  differences 
in  performance  observe®  between  individual  subjects  .suggest  thit 
(Staining  a  hi^.  level  of  performance  may  be  much  more  a  prot^lem  of 
selectirm  than  o'  training.  .An  effective  combinatior.  of  selection  ar.d 
training  procedures  stmsid  produce  AN /TPS- 33  operators  wiu  can 
discriminate  between  the  signals  of  tracked  vehicles  a-id  those  of 
sdieeied  vehicles. 
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Appendix  A 


PERCENTAGE  OF  CORRECT  RESPONSES 
BY  TYPE  OF  OPERATOR  TRAINING 


Operators  Iraiaed  at  Fort  Hoicheca 
(S«28> 

Operators  Trained 
(S=ISf 

on  jot 

fn-ore* 

Sonber  of 
Responses^ 

Actea) 

^cure 

1  Staadaid 

1  DcviaiioB 

HttAber  of 
Resposaes^ 

Actnal 

Sc<ae 

Standard 

Pe^iation 

VehteteU)  Of  Troop*? 

e 

so 

3.120 

% 

92.6 

S.9 

1.760 

1 

90.7 

5.2 

!f  VehicM*)— 

TfAckea  or 
wheeled? 

so 

2,468 

52.4 

3.8 

1.387 

52.4 

4.9 

If  tracked— 
tank  Of  APC? 

so 

434 

50.6 

19.4 

263 

46.7 

12.9 

If  wheeled— 
trvck  or  jeep? 

so 

837 

47.9 

10.7 

46J 

54.0 

11.1 

Correct  mph 

2S 

2,468 

38.2 

8.0 

1,.387 

37.7 

9.6 

Correct  oaraher 

50 

2,463 

61.9 

7.9 

1,387 

59.7 

7.0 

If  Troop#— 

Marching  or 
running^ 

so 

428 

65.9 

20.8 

21! 

75.9 

17.0 

Correct  number 

J3 

428 

»5.9 

18.2 

211 

45.8 

13.8 

of  conecs  rrspoBses  JbsI  woold  bo  exprctcd  Ou  ’h*:  of  gucssiSg. 

NUch  CAlceUtioe  in  bai^  oo  Bosber  of  ccrrect  reiipoBse»  lu  ihr  (freer  Jieg  fuctf  ^oAorof  <]a#^i.oo 
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Appsndix  ti 


FREQUENCY  OF  RESPONSES  FOR  RADAR  SIGNALS 


1 

N'ttfnber  of  Reaponsea 

S:p»l 

Tracked  VVhicle 

Vheekd  Vehicle 

TroopCs) 

Tom* 

Tank 

APC 

Troefc 

1  Jerp 

Vehicle  ^tceil  (iipli) 

One  T«nk  S 

40 

35 

35 

10 

t 

127 

10 

20 

30 

S4 

7 

2 

113 

IS 

6 

22 

58 

43 

0 

129 

20 

5 

13 

49 

57 

0 

124 

Two  TaoKs  S 

43 

25 

3S 

7 

1 

III 

10 

27 

29 

42 

15 

0 

113 

IS 

13 

24 

43 

45 

1 

126 

20 

10 

20 

2S 

69 

I 

125 

One  APC  S 

43 

26 

3S 

8 

IS 

127 

10 

14 

18 

61 

19 

1 

113 

IS 

3 

9 

38 

62 

0 

112 

20 

8 

IS 

44 

59 

0 

126 

Two  APCa  5 

33 

24 

33 

14 

8 

112 

10 

27 

25 

51 

9 

0 

112 

IS 

12 

21 

52 

24 

0 

109 

20 

17 

28 

S3 

31 

0 

129 

One  Track  5 

47 

14 

38 

6 

6 

III 

10 

8 

19 

79 

21 

1 

123 

IS 

10 

17 

SI 

35 

0 

113 

20 

2 

9 

33 

85 

2 

129 

Two  Tracks  5 

28 

34 

U 

16 

1 

123 

10 

24 

32 

45 

II 

0 

112 

IS 

10 

21 

35 

47 

0 

:i3 

20 

O 

w 

IT 

29 

73 

0 

127 

One  Jeep  5 

17 

28 

4? 

21 

2 

115 

10 

lA 

20 

61 

23 

2 

127 

IS 

2 

8 

34 

69 

1 

114 

20 

6 

20 

37 

62 

1 

126 

Two  jeepA  5 

54 

27 

41 

1 

2 

125 

10 

24 

29 

40 

19 

2 

III 

IS 

12 

16 

52 

45 

0 

125 

20 

8 

■  4 

3« 

62 

4 

135 

iViwMael  Movc»cRt 

One  Man  Marching 

10 

f> 

0 

2 

130 

144 

Running 

63 

33 

9 

•> 

93 

200 

Four  Men  Marching 

23 

19 

R 

4 

117 

17! 

Running 

40 

24 

O 

57 

128 

Sqnad  Marching 

31 

11 

1 

1 

126 

170 

Running 

16 

4 

3 

2 

113 

143 

^ich  vfhsct?  itcn  8»H  Lkicr  Uers  in  te«l:  thap.  129  tempotme*  «as  the  nas^asi  aamber 
aihlf  each  vehicle  at  ei«*»  •!  •*?  «Qh;ec!5  Fw*  »»*■  p^'^aasei  laticfs.  12V  rcsp©3»ea 

were  pfmaible  for  thase  Q«^d  three  tiate«,  2?2  for  iho^e  aped  foor  liaep.  aad  SIS  for  thoac  ased  ft*^e  ttiaes 
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Appendix  C 

SIGNALS  USED  FOR  TRAINING  EXERCISES 
Oritntation  Tcpt 


ii^m 


Whiclg  1 

1 

One  Jeep 

20 

2 

One  Jeep 

5 

3 

One  Jeep 

10 

4 

One  Jeep 

IS 

5 

One  Jeep 

20 

6 

One  Tank 

20 

7 

One  Tank 

5 

a 

One  'lank 

10 

s 

One  Tank 

15 

id 

On*  Tank 

?o 

ll 

One  Truck 

20 

iJ 

One  Track 

5 

13 

One  Track 

10 

!4 

One  Track 

IS 

IS 

One  Track 

20 

16 

One  APC 

20 

17 

One  APC 

S 

la 

One  AfH: 

to 

19 

Q- -  APC 

IS 

20 

One  APC 

20 

2! 

Wheeled 

20 

Tracked 

20 

22 

Wheeled 

IS 

Tracked 

IS 

23 

Wheeled 

10 

Tracked 

10 

24 

Wheeled 

5 

Tracked 

5 

Poirfd-Signo!  Estreists* 

Paired*Sigsai  flxercUe  1 

! 

One  Tank 

10 

Osc  Jeep 

iO 

One  Tank 

10 

One  leep 

10 

3 

One  leep 

iO 

One  ^f’C 

10 

4 

Ore  Jeep 

10 

One 

10 

5 

0"^  Tmck 

10 

One 

10 

6 

One  Track 

10 

One  Taek 

10 

7 

One  Track 

!C 

One  APC. 

10 

S 

One  Tank 

10 

Oi»  Jeep 

10 

9 

One  APC 

iO 

One  Track 

10 

10 

One  Tank 

10 

One  Track 

10 

—  -  ■  •“  ■" 

20  «iCD«U  u^ra  pA*red •>1*11^1  pifspalni  ss  Sisc!?>5ixb*< 
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PailW-Silial  EufciMS*  (Co:aismedj 


! 

P«tfH  Si^fctls 

Vehicle  1  1 

■fk 

Vrkicle 

r<ind-Sigwt  Exercwc  2 

1 

Two  Tn^lu 

IS 

Two  Taaka 

IS 

* 

Tk*  APC. 

15 

Two  Track* 

IS 

3 

Tw-i  Ja#p« 

15 

Two  Tnnkn 

15 

4 

Two  jeepo 

15 

Two  APC. 

IS 

S 

Two  Took* 

IS 

Two  Track* 

15 

6 

Two  Took* 

IS 

Two  Track* 

IS 

7 

Two  Tf»ds» 

IS 

Two  APC* 

IS 

8 

Two  Tmks 

IS 

Two  APCn 

IS 

9 

Two  Jeepo 

IS 

Two  Tanka 

IS 

10 

Two  JecM 

IS 

Two  APT* 

IS 

P«tre^<SigMl  CMfcUe  3 

1 

0«  APC 

20 

Oae  Jeep 

20 

2 

Oae  Trock 

s 

Oae  Tuk 

s 

3 

One  Tmck 

10 

One  APC 

to 

4 

Oae  Taak 

IS 

One  Jeep 

IS 

5 

Obo  Tmk 

20 

One  Tank 

20 

6 

One  APC 

IS 

0^9  Jeep 

15 

7 

One  APC 

5 

Ose  Trnek 

5 

8 

Om  Task 

10 

One  Jeep 

10 

9 

One  Tntek 

20 

OneTnk 

20 

10 

Ooe  APC 

S 

0«e  Jeep 

S 

P«ired-Si(iul  Extrcite  4 

1 

One  APC 

20 

Oae  Jeep 

5 

2 

Oae  Jeep 

20 

One  APC 

S 

3 

Ose  Jeep 

S 

One  Tn^ 

20 

4 

One  Ttnek 

10 

One  APC 

JO 

S 

One  Tmck 

IS 

One  Tank 

S 

6 

One  Track 

5 

0~  Task 

IS 

7 

One  Tmck 

10 

One  APC 

IS 

8 

^e  Tank 

70 

One  Jeep 

IS 

9 

One  Jeep 

20 

T«k 

15 

10 

One  APC 

10 

Oae  Track 

5 

P»*red^i§aal  Exefc»«  S 

1 

Oae  Track 

10 

One  Tank 

1C 

2 

Two  Taaka 

to 

Two  Jeep* 

10 

3 

Oae  APC 

10 

0«  Track 

to 

4 

Two  jeeon 

10 

Two  APC* 

10 

S 

One  Taak 

10 

One  Jeep 

10 

6 

Two  APCe 

10 

Two  I'rocks 

10 

7 

jeep 

10 

APC 

10 

8 

One  Jeep 

to 

Oae  Tr*4.k 

10 

9 

Two  Tank* 

10 

Two  Track* 

10 

10 

Oae  Jrep 

to 

One  Tank 

10 

30  Me4  fft  \  ki  5ii|l» --51(^4* 

f!icisuie  i;  »«  P»i?»4*^lrMl  Tt^w****  ?  m**m  -3  Es«c!*.r 
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P«!t^Si|Mt  ExtielMS*  (CoiUiiuei} 


Paired  SifSab 

Wbicte 

r 

Vekkrk  • 

PairtJ-SigMl  Eurim  A 

1 

On*  Track 

13 

^  a 

i  *M  2%C  VrS 

IS 

2 

On  Jt«|> 

IS 

Two  APCa 

IS 

3 

Ost  Tmcfc 

a$ 

Two  Tasks 

IS 

4 

Two  Tmko 

IS 

On  APC 

IS 

S 

On  Jeep 

IS 

two  Tasks 

IS 

6 

Two  A  PC. 

IS 

Odc  Jr*  p 

IS 

7 

T»o  Tanka 

IS 

0*-*  Tfe*  L 

IS 

8 

be  Jeep 

15 

IS 

9 

be  Taiili 

IS 

T»a»t  ^eeps 

IS 

10 

Dk  Track 

IS 

Two  APCa 

IS 

ExcrciM  7 

1 

Tank 

20 

Oae  Track 

w 

2 

Ose  jee^p 

5 

On  APC 

s 

3 

Two  Tasks 

IS 

Two  jeepa 

IS 

4 

Two  Tracks 

IS 

TwoTaaka 

IS 

S 

On  Track 

b 

Oae  APC 

3 

i 

Two  Jeeps 

20 

Two  APCs 

20 

7 

Ow  APC 

20 

Oae  Jeep 

20 

8 

Two  TaoLe 

5 

Two  Jee|» 

5 

9 

Oae  Taak 

10 

One  Track 

10 

10 

Two  APCa 

20 

Two  Tracks 

20 

I’aircj-Sigul  fUtRiM  8 

« 

be  Track 

20 

Oae  Task 

IS 

2 

Two  Jeeps 

10 

Two  Tasks 

S 

3 

Two  APb 

s 

Two  Jee^ 

IS 

4 

Two  Trwka 

s 

Two  APCs 

20 

S 

Owe  Trock 

s 

0%e  AlA^ 

20 

6 

On  Taak 

10 

Ooe  Jeep 

5 

7 

Two  Jeeps 

S 

Two  Taaka 

10 

8 

Ooe  APC 

IS 

(fee  Track 

9 

be  APT. 

IS 

0^  Jeep 

20 

10 

Two  Tasks 

J 

Twe  Trovks 

20 

1 

be  APC 

10 

Two  Tracks 

10 

2 

Two  APCa 

20 

Ooe  Jeep 

20 

3 

Two  APCa 

S 

(kit  Tf^k 

5 

4 

Jeep 

20 

Two  Took* 

20 

5 

Two  Jeepa 

Ooe  Teak 

20 

6 

Track 

10 

Two  Tsa*a 

10 

7 

Two  Jeeps 

IS 

On  APC 

15 

8 

TwoTraeka 

20 

be  APC 

W 

9 

Two  Jeeps 

10 

Ost  Task 

10 

10 

TwoTrwks  S 

On  Task 

s 
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lu-m 

V-kl-W 

-1* 

1  Vrkirl* 

■f* 

Patreti<SifC^i  K^^fctar  tO 

1 

Mto  Jeep* 

s 

Ow  APC 

iO 

2 

One  Jeep 

10 

T«»  APC. 

S 

3 

One  Tank 

20 

Twtf  Trocka 

IS 

1 

Two  Tanks 

IS 

ffe-  Track 

5 

Two  jeep* 

20 

Ose  Tank 

5 

6 

Two  TrocLa 

O.C  Ape 

20 

7 

Two  Tanka 

•  5 

Uh 

s 

R 

Afx: 

10 

Two  Jeapa 

*0 

9 

Twf  Jeepn 

lO 

Om  APt. 

3) 

10 

One  Task 

s 

Two  Tf^ke 

IS 

*TW  So  •i^ab  aa»4ift  Ktafr^  *  p#«#sip4  aPpiritaly  A  Slcub-Scf^i 

Kt^rcsaa  I.  lN»«  9**4  r«t«r4-5i^at  I  t  mm  m***^t4  ar^«ntait  m  2. 
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Appendix  0 

SIGNALS  USED  IN  CRITEIION  TEST 


"  1 

T«4  Fe**  4  j 

!  . . — 

j  Te*i  B 

lire  I 

j  SisbaI  { 

j  SijMl 

Vrloel*  j 

Sf^ 

i 

(fee  Irsk 

1 

0»  Jeep 

IS 

Two  Tr^tLB 

A 

Two  Tfocke 

.t 

3 

(fee  Tui 

s 

3 

Two  APC. 

10 

4 

(Vr  Jeep 

10 

4 

Two  TfKko 

!S 

5 

Two  Ta^B 

IS 

S 

(fee  To^ 

TO 

6 

Two  Took* 

6 

(fee  Tr^k 

s 

• 

(fee  Jeep 

20 

2 

TwoTo^o 

13 

3 

Two 

S 

S 

jeep 

s 

9 

Ok  Trsik 

10 

9 

(fee  Tf*k 

io 

(fee  Ta&k 

15 

10 

(fee  Iroek 

IS 

11 

Two 

30 

11 

Ow  To^ 

s 

12 

Two  Jee^ 

*S 

12 

Otw  APT. 

5 

13 

om  3rc 

20 

13 

One  Arc 

10 

U 

(fee  Tg-4 

20 

U 

Two  Jee|Ni 

IS 

13 

0*  Arc 

S 

tS 

Two  Tod^o 

lO 

16 

Two  Tnck* 

20 

It 

Two  APC. 

S 

i: 

T«  Jeep* 

20 

•  2 

Two  Ttwk* 

10 

18 

Two  Toako 

10 

!S 

(fee  Jeep 

10 

19 

Oae  ah; 

10 

19 

Two  Jeep* 

2ft 

20 

Two  Tfoclut 

IS 

20 

Two  Tfsek* 

20 

21 

T*e  AHC- 

10 

21 

Two  jee^ 

S 

22 

Ossr  Jeep 

15 

22 

Ooe  APC 

30 

23 

(fee  Jeep 

S 

2-3 

(fee  Trmck 

10 

24 

(fee  Toi^ 

i  A 
<  V 

24 

Two  \PC» 

Ose  Ape 

•  * 

IO 

Two  jees^ 

fO 

Twf»  Took* 

S 

36 

Oat  Ape; 

IS 

27 

Two  Jer^ 

ID 

27 

(fee  Jeep 

30 

(fee  Troek 

IS 

Oat  Tom' 

'u 

29 

T-v  Apr. 

1  i 

29 

Two  ross 

30 

30 

T-«  ah;. 

S 

J%S 

*K_.p 

13 

31 

Twei  Trssk* 

10 

SI 

t>oe 

15 

33 

(fee  Tf^k 

s 

32 

Two  To^s 

5 
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Ap9*n^i]i  E 

CRITEIION  TEST  SCOIES 


mb  E-l 


Gf«up  Scew  on  CSlofion  Tott 


Sr<^ 

FN*! 

T^l 

10 

%  % 

61 .0  "0  0 

5eq«»see  A 

s 

6S.6  7^-6 

St^MKt  B 

s 

S6J 

M.7 

Hi*ft  Wapiti* 

6 

To -3 

4!*  TPS^3 

4 

63.6 

WJ 

Tsi>b  p.J 


indivUuol  Oporalot  ScorM 
on  Crilorion  To0 


FO*  OFFICIAL  USE  ONLY 


AppMdix  F 

TRAINING  SCORES 


M*an  and  Ran9«  cf  Op«(otor  SiWmi 
on  Training  EsattitM 

(N  .  10) 


1 

T.pr  1 

fires 

StA*4«r4 

Dr^aiHB 

1  Sesp  ef  *6fat#a 

% 

% 

P<Wr4>Sljtal 

1 

82.0 

12.3 

60-100 

2 

74.0 

12.7 

SO-  90 

3 

69.0 

83 

60-  m 

4 

36.0 

22.7 

30-  90 

s 

73  i) 

16.4 

50-100 

c 

S9.0 

13.0 

lO-iuM 

7 

Ti.O 

14.2 

a-  90 

a 

Rl.O 

16.S 

.^100 

9 

70.0 

1S5 

60-ICX) 

10 

79.0 

1S2 

53.100 

I 

69.0 

1.3JI 

45-  85 

69.S 

12.1 

40-  SO 

3 

tit.U 

5.9 

60.  80 

4 

7.3.0 

133 

6V  95 

c 

63  .S 

145 

40-  m 

6 

775 

17.4 

45.  ^ 

7 

:r2o 

S.6 

60-  m 

a 

77  ft 

12.3 

60.  « 

9 

Ta  0 

13  4 

SO  ^ 

<0 

73^ 

16  4 

^100 
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